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Abstract 

Rotating Detonation Combustors (RDC) are seen as a possible way to achieve 

pressure gain combustion (PGC) in gas turbines, leveraging the natural pressure 

increase that detonation features during the heat addition. To investigate the 

performance of a new TU Berlin RDC geometry featuring a 33% outlet restriction 

and injection scheme, this work presents the first high-fidelity Large Eddy 

Simulation (LES) performed on this configuration using the AVBP code. The study 

focuses on a non-premixed, stoichiometric single-wave detonation mode at high 

mass flow. Results validate the numerical procedure with a frequency overestimation 

of only 4.3% and reveal that while co-axial air injection provides beneficial wall 

thermal protection, the outlet restriction remains subject to high localized heat loads. 

 

Introduction 

Enhancing Gas Turbine (GT) efficiency is critical for sustainable power generation 

in an increasingly energy-intensive world. Coupling hydrogen fuel with Pressure 

Gain Combustion (PGC) offers a highly efficient pathway to achieve this goal [1], 

with Rotating Detonation Combustors (RDC) standing out due to their compact 

design and relative ease of integration [2]. However, as this technology remains at a 

low Technology Readiness Level (TRL) [3], investigating various injection schemes 

and geometric features is essential to find the optimal trade-off between reactant 

mixing, detonation stability, and thermal management [4-5-6]. This work 

numerically investigates for the first time using a Large Eddy Simulation (LES), a 

novel co-axial air-hydrogen injection scheme and a 33% outlet restriction developed 

by TU Berlin, utilizing the AVBP solver. Following validation against experimental 

data, the study provides a preliminary analysis of the main flow field structures and 

combustor performance metrics. 

 

Simulation setup  

The modular design of the TU Berlin experimental combustor allows the chamber 

length, injection scheme, and outlet restriction to be easily interchanged for 

parametric performance studies. As shown in Fig. 1, the investigated configuration 

features a novel co-axial injection scheme with staggered hydrogen holes fed 

through a 3D-printed pintle. The simulation targets a single-wave detonation at 
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stoichiometry, replicating the stable operating point observed experimentally. 

 

 
Figure 1. Presentation of the injection system geometry and outlet restriction 

geometry used in this work, not to scale. 

 

A single-step, 4-species Arrhenius mechanism [4] is employed, precisely tuned to 

match CJ conditions for a fresh mixture at 1 atm and 300 K. The domain uses 

adiabatic walls and targeted mesh refinement within the mixing and detonation 

regions. Wall boundaries are treated with the WALE model for bounded flows [7]. 

 

Validation with experimental data 

Fourier analysis of the pressure signal at the outer wall (5 mm downstream of 

injection) over 16 cycles reveals slight overestimations in detonation frequency 

(4.3% of 6294 Hz) and mean pressure (3.4% of 3.44 bar) compared to experimental 

Kulite data. This is consistent with the adiabatic wall assumption, which artificially 

retains flow energy. Furthermore, Fig. 3 overlays the experimental pressure map 

(from a 13-probe array) onto the phase-averaged pressure at 97% span. The excellent 

agreement demonstrates the solver's ability to accurately capture key flow features, 

including oblique and reflected shocks at the outlet restriction. 

 

 
Figure 2. Experimental data from TU Berlin vs CFD phase-averaged pressure. 
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Main flow field features 

Fig. 4 presents azimuthally averaged 1D profiles across various spanwise locations, 

while Fig. 5 illustrates key meridional flow field features relative to a phase-averaged 

detonation where the maximum pressure gradient of the first 3D solution sample is 

located at 𝜃 = 0°. 

 

 
Figure 3. 1D pressure, heat release rate, temperature and atomic equivalence ratio 

profiles for 3, 25, 50, 75 and 97% span. 

 

 
Figure 4. Phase averaged meridional flow field. Max pressure gradient at 0°. 
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The co-axial injection effectively shields the chamber walls from extreme 

temperatures in the detonation region, providing a significant thermal management 

advantage. Conversely, flow acceleration driven by strong pressure gradients and 

gas expansion at the outlet restriction induces high localized heat loads. 

Phase averaging was realized with 75 full 3D solutions files. Other samples are 

centred using 3D Fourier correlation theory in the azimuthal direction. The first 

unaffected meridional plane (by precursor shockwave) ahead of the wavefront is 

located at 𝜃 = 10°,  revealing a forward leaning detonation topology. 

Radial inhomogeneities are observed but remain marginally impactful. Elevated 

pressure and temperature zones on the outer wall likely result from centrifugal forces 

generated by the rotating wave. A rich pocket stems from the fixed angular spacing 

of the hydrogen holes, which concentrates fuel at the inner radius while leaving the 

outer radius leaner. Minor geometric adjustments to the injection scheme could 

resolve this issue. 

 

Conclusion 

The AVBP code is successfully validated on the TU Berlin geometry, predicting the 

wave frequency within a 4.3% margin. Phase-averaged analysis reveals efficient 

reactant mixing and a homogeneous detonation front that offers thermal protection 

to the chamber walls. However, gas expansion at the restricted outlet reduces the 

boundary layer thickness, highlighting a risk of elevated localized heat loads. 

 

References 

[1] Stathopoulos, P., “Comprehensive Thermodynamic Analysis of the Humphrey 

Cycle for Gas Turbines with Pressure Gain Combustion”, Energies 11: 3521 (2018) 

[2] Anand, V., Gutmark, E., “Rotating detonation combustors and their similarities 

to rocket instabilities”, Prog. Energy Combust. Sci. 73: 182-234 (2019) 

[3] Le Naour, B., Davidenko, D., Gaillard, T., Vidal, P., “Rotating detonation 

combustors for propulsion: Some fundamental, numerical and experimental 

aspects”, Front. Aerosp. Eng. 2: 1152429 (2023) 

[4] Nassini, P. C., Andreini, A., Bohon, M. D., "Characterization of refill region and 

mixing state immediately ahead of a hydrogen-air rotating detonation using LES", 

Combust. Flame 258: 113050 (2023) 

[5] Ramanagar Sridhara, S., Sandri, U., Nassini, P.C., Andreini, A., Polanka, M.D., 

Bohon, M.D., “Quantification of Heat Loads in Rotating Detonation Combustors for 

Gas Turbines”, J. Propul. Power 42: 149-159 (2026) 

[6] Ramanagar Sridhara, S., Andreini, A., Polanka, M.D., Bohon, M.D., “The impact 

of film cooling on the heat release within a rotating detonation combustor”, Appl. 

Energy Combust. Sci. 20: 100300 (2024) 

[7] Nicoud, F., Ducros, F., “Subgrid-Scale Stress Modelling Based on the Square of 

the Velocity Gradient Tensor”, Flow, Turbul. Combust. 62: 183-200 (1999) 


